Threshold elevations for spatially localized test stimuli were measured as a function of the temporal frequency of a sinusoidal mask grating. Ten of these temporal-masking curves were determined, each using a test stimulus of different temporal frequency. It was found that these data could be accounted for by four temporal-tuning curves:
INTRODUCTION
Responses of the human visual system to spatial patterns are frequently explained by postulating the existence of a number of channels tuned to different spatial frequencies. Much effort has been directed toward determining the number, bandwidths, and peak locations of the spatial-tuning curves for these channels (as has been extensively reviewed'"). Less attention has gone toward developing an equivalent understanding of their temporal-tuning characteristics. This study will therefore focus on channel temporal properties.
It is well documented that channels tuned to different spatial frequencies have different temporal properties.5 1 6 In general, an inverse relation exists between spatial-and temporal-tuning characteristics: Channels optimally sensitive to low spatial frequencies are more sensitive to high temporal frequencies and vice versa. The observation that different channels have different temporal properties suggests that the temporal contrast-sensitivity function (de Lange curve) is the envelope of at least two temporal-tuning curves. However, the possibility of additional temporal curves is not excluded. The experiments reported here used a masking paradigm to study temporal characteristics of channels. Three sets of experiments were performed. In the first set, threshold elevations for test patterns were measured as a function of mask contrast, producing contrast-response curves. This was repeated under a wide variety of spatiotemporal conditions. The information collected here was used to compensate the data from the other two sets of experiments for suprathreshold nonlinearities introduced by the high-contrast mask employed in those experiments.
In the second set of experiments, a temporal-masking curve was obtained for each of 10 different temporal frequencies of test pattern spanning the range 1.0-22.6 Hz. For example, a temporal-masking curve was measured using a test pattern flickered at 1.0 Hz, another masking curve was measured for a test pattern flickered at 1. 4 Hz, and so forth. Analysis of the data involved finding a set of channel temporal-tuning curves whose combined responses reproduced the entire collection of 10 masking curves. These experiments are the temporal analogs of those performed by Wilson et al. 1 7 to derive spatial tunings of channels.
For the third set of experiments, the spatial-masking study of Wilson et al. 1 7 was repeated under two different temporal conditions. Of interest here was whether spatial-tuning curves keep the same shape when temporal frequency is changed. If the shapes of spatial-tuning curves are independent of temporal frequency (or vice versa), then the spatial and the temporal properties of channels are said to be separable. Whether or not separability occurs is an important question, for without it any experimental determination of spatial-(temporal-) tuning curves would hold true only for the particular temporal (spatial) conditions of that particular experiment, whereas with separability measurements have a more general validity. Results from several psychophysical studies already provide some evidence that spatiotemporal separability exists within individual channels.18 20 
THEORY
In essence, the model used here consists of a number of linear spatiotemporal filters, each followed by a nonlinear suprathreshold contrast-response curve. The noisy signals coming out of each filter feed onto a common signal detector. This sort of system has been used in a number of previous studies.' 7 ' 21 ' 22 The goal here is to find a set of tuning curves whose responses to test and mask, when combined in accord with the Quick formulation for probability summation, reproduce the shapes of masking curves, also taking into account distortions caused by suprathreshold nonlinearities. The mathematical form of the model given below is adapted from Wilson et
The task of the model is to reproduce experimentally measured threshold elevations
T.E. = S(T)/S(T, M),
(1) where S(T) is the threshold sensitivity to test pattern when mask not present, S(T, M) is the threshold sensitivity to test pattern when, mask present.
In the model, total sensitivity to the test pattern [S(T) or S(T, M) ] results from probability summation of individual channel sensitivities to the pattern. Assuming uncorrelated noise, the summation is nonlinear in accord with the Quick formulation for probability summation
where S (T) is the threshold sensitivity of ith channel to test pattern when mask is not present, Si (T, M) is the threshold sensitivity of ith channel to test pattern when mask present.
Given knowledge of the tuning curve of the ith channel, the value of Si (T) follows directly (by simply reading it off the tuning curve). On the other hand, it is not possible to know
Si (T, M)
unless one has additional information giving the responses of the channel to suprathreshold mask contrasts (i.e., a contrast-response curve).
An indicator of the response of a channel to the mask is the ratio
Si(T)ISi(T, M).
Based on published studies 2 > 2 7 as well as on the data of experiment 1, this ratio is set equal to a power function of mask contrast. Therefore
where Si (M) is the threshold sensitivity of ith channel to mask, CMis the mask contrast, Si (T) and Si (T, M) are as previously defined.
Not allowing the ratio in Eq. (3) to go below 1.0 reflects the finding in experiment 1 that, under the particular conditions of this study, the mask can only reduce sensitivity to the test but never facilitate it. This will be discussed more fully later. Rearranging Eq. (3) gives
S (T, M) = St(T)Ki [S(M)Cm IE<i (4)
This relation allows one to compute Si(T, M) given the tuning curve for the ith channel [which provides Si(T) and Si(M)] and the contrast-response curve for the ith channel (which provides Ki and Es). The mask contrast CM is given in the definition of experimental conditions. To summarize, Si(T) and Si(T, M) for each channel can be found from the tuning and the contrast-response curves for that channel. These individual channel sensitivities are then summed nonlinearly to give the total sensitivities S(T) and
S(T, M). The ratio S(T)/S(T, M) in turn gives the threshold
elevation predicted by the model. Thus, by using the model, a masking curve (consisting of a series of threshold elevations) can be easily calculated from the characteristics of individual channels.
Although masking curves can be easily calculated from tuning curves, it is the inverse problem that is of interest here-finding tuning curves given masking curves. Unfortunately, given the pooling of channel responses, the inverse problem cannot be solved in closed form. In practice, therefore, the following two-stage procedure was used.
First, an algorithm was employed that analyzed the data set (masking curve) for each test frequency one at a time. This algorithm attempted to account for each new data set in terms of tuning curves established from previous data sets.
The residue that could not be accounted for in this way served as the basis for estimating the next tuning curve.
For example, when the first data set was fed in, the program calculated the tuning curve that could account for that masking curve, assuming as a first approximation that only a single tuning curve was involved in producing the masking curve. The contribution of this first derived tuning curve was then subtracted from the remaining masking curves, and the procedure was iterated on the new reduced set of masking curves.
In the second stage, initial estimates of tuning curves obtained as outlined above were repeatedly modified with the goal of maximizing the correlation coefficient between observed threshold elevations and threshold elevations calculated by the model.
In performing the calculations, estimates of the exponent Ei were obtained from the data of experiment 1. It was assumed that the value of ei for each channel was a constant and did not vary with spatial-or temporal-stimulus conditions. The values for Ki of the contrast-response curves were free parameters of the model (one for each tuning curve). It is also important to point out that, since no information is available about temporal phase shifts in the responses of various channels, the assumption was made in summing channel responses that all have equal phase shifts.
GENERAL METHODS
Spatial and temporal patterns were generated on a PDP-8 computer, passed through a digital-to-analog converter, and displayed on a Tektronix 608 monitor (P31 phosphor) at a mean luminance of 17.2 cd m-2 . All patterns were one dimensional. They were viewed through a cardboard screen having a circular aperture, the screen being illuminated to have approximately the same hue and brightness as the monitor display. The screen aperture had a diameter of 4.0°f or spatial frequencies at or above 1.0 cycles per degree (cpd) and 8.0° for lower spatial frequencies.
The spatial stimulus consisted of a localized vertical pattern (to be described below) with a high-contrast (usually 0.40) sinusoidal mask superimposed upon it. The mask was rotated 14.50 relative to the vertical test pattern, for reasons that shall be discussed. Rotation was performed by an electronic raster rotator that presented test and mask on successive frames at a 120-Hz rate, so that the two appeared superimposed without flicker. The spatial luminance profile of the test pattern was the sixth derivative of a Gaussian waveform (Fig. 1 ). This will be referred to as a D6 pattern. The D6 pattern was chosen because it is localized in space, thereby minimizing the effects of spatial inhomogeneity across the visual system yet at the same time retains a relatively narrow 1.0-octave bandwidth. Because of technical limitations in the equipment, for stimuli below 0.5 cpd a difference-of-Gaussians (DOG) pattern was substituted for the D6. A control experiment comparing DOG and D6 patterns at 0.5 cpd suggests that this substitution causes little distortion of the data. Mathematical formulas related to the D6 and the DOG patterns can be found elsewhere.17, 2 8 By slightly rotating the mask relative to the test, the two patterns were presented in a wide range of phase relationships simultaneously. This was done in an attempt to average out phase effects in the masking power of the grating, and control experiments showed that the degree of masking was indeed insensitive to 900 shifts in the temporal or the spatial phase of the mask. The small orientation difference between test and mask ensured that both patterns stimulated channels having the same orientation preference (in this case tuned to the vertical). Orientation-tuning curves for the stimuli used here have been measured by Phillips and Wilson. 2 9 Temporal modulation was a sinusoidal counterphase flicker. Amplitude of the sinusoid followed a trapezoidal envelope in order to reduce onset and offset transients. The up and the down ramps of the trapezoid were both 0.25 sec long, and the constant middle portion had a duration of 0.5 sec, for a total stimulus presentation time of 1.0 sec.
In some cases what shall be called Low-Temporal-Frequency and High-Temporal-Frequency modulations were used instead of sinusoidal flicker. The Low-Temporal-Frequency modulation is defined here to be a Gaussian waveform with a time constant of 0.25 sec (half-width) and a total presentation time of 1.0 sec. The High-Temporal-Frequency modulation is defined as a single cycle of an 8.0-Hz square wave (bright pulse followed by a dark pulse). These modulations were used when it was desired optimally to stimulate channels tuned at opposite extremes of the temporal-response range (see discussion in Ref. 30 ).
Threshold contrast for the test pattern was determined with and without the mask in place, the ratio of these two values giving the threshold elevation produced by the mask. A two-alternative yes-no procedure was used, so that for each presentation of the stimulus the subject indicated whether the pattern was seen or not seen. The contrast of the test pattern was then appropriately staircased up or down for the next presentation. Mask contrast was always held constant.
Measurements were made using a Cornsweet double staircase in which staircases for up to eight patterns were randomly interleaved. Presentation of the stimulus was initiated by the subject, and the end of the presentation was marked by a tone. The subject viewed the stimulus monocularly and with natural pupil, the other eye being occluded by a translucent eye patch.
For subject SL all curves in experiment 1 were measured twice, and all curves in experiments 2 and 3 were measured four times. The means of those replications are presented here for that subject. For the other subjects, each curve was measured just once, although a few spot checks were made for replicability. In all cases the shapes of the curves were stable from day to day.
EXPERIMENT 1: CONTRAST-RESPONSE CURVES
This experiment measured threshold elevation of the test stimulus as a function of mask contrast, producing contrastresponse curves. Using these curves, the temporal-and the spatial-masking data of experiments 2 and 3 could be adjusted for the suprathreshold effects introduced by the high-contrast masks employed in those experiments. More specifically, the contrast-response curves measured here provided estimates of the exponent sE for each channel needed in order to apply the model.
The spatial patterns were a vertical D6 test stimulus and a sinusoidal mask rotated relative to the test. In this experiment test and mask always had identical peak spatial frequencies. The mask was counterphase flickered, while two sorts of temporal modulations were used for the test stimulus:
either the Low-Temporal-Frequency or High-TemporalFrequency waveforms (as were described in the section entitled General Methods).
Each contrast-response curve resulted from determining threshold elevations at seven mask contrasts ranging from 0.05-0.40. A complete set of contrast-response curves was measured using masks taken from across the spatiotemporal domain defined by the ranges 0.5-8.0 cpd and 1.0-8.0 Hz, this domain being sampled on a 1.0-octave grid. For each spatiotemporal mask condition, two contrast-response curves were measured, using the two types of test temporal modulations described above.
RESULTS AND ANALYSIS
Examples of contrast-response curves are shown in Fig. 2, where linearity of threshold elevations on the log-log plot indicates a power-law relationship. Exponents for the power function were calculated as the slopes of the least-squares linear fit to the log-plotted data and are displayed in Table   Sidney 1. Exponents are less than one (showing that responses to contrast do not obey Weber's law) and in the same general range reported by previous studies. 23 - 2 7 In the present set of measurements, there was never any indication of a facilitative effect at low mask contrasts, so that none of these contrast-response curves had the dipper shape that has been reported in some cases. Fig. 2) . The lack of a facilitative effect is not surprising when one examines the data of Legge and Foley. 24 There the facilitative effect was maximal when test and mask were identical, dropping off and disappearing as test and mask become increasingly different. In this experiment test and mask were always quite different. Although they had identical peak spatial frequencies, the two patterns' spatial profiles and temporal modulations were completely different, and, moreover, the patterns were rotated relative to each other. The absence of a facilitative effect in these data justifies the form of Eq. (3) in the model, which does not allow the threshold elevation to drop below one.
The overall trend in Table 1 is for the largest exponent values to occur when the mask has low spatial and high temporal frequencies, and, conversely, the smallest values to occur when mask has high spatial and low temporal frequencies. This trend appears to stay the same regardless of whether the test pattern was modulated at high or low temporal frequency.
The results here are in agreement with those of Burbeck and Kelly, 32 who found a similar distribution of low-and highcontrast-gain regions on the spatiotemporal plane. As they point out, such a distribution is compatible with an interpretation involving a sustained-transient dichotomy. However, although they are compatible with a dichotomy, nothing in these data or in those of Burbeck and Kelly 3 2 requires interpretation in that way rather than in terms of a broader range of temporal characteristics with gradually varying properties. 8.0, and 16.0 Hz. These data were used to derive temporaltuning curves.
In the second part of the experiment, temporal-masking curves were determined at different spatial frequencies. 
Sets of temporal masking curves for two subjects are shown in Figs. 3 and 4 . It is apparent that masking is very broadly tuned, generally extending over the entire 4-octave range tested. This sort of broadband response has also been seen in adaptation studies. 3 3 35 Another point to note is that peak masking often does not occur when mask temporal frequency equals test-pattern temporal frequency. Again, an analogous effect has been seen in adaptation experiments. 3 4 ' 35 Taken together, these features suggest a limited number of channels with broad temporal tuning.
A control experiment was performed in which the mask grating had a blank strip down the middle, so that the mask was adjacent to the test on both sides but not superimposed upon it. Under this condition, there was no significant masking, implying that the masking shown in Figs. 3 Returning to the main body of the temporal-masking curves (Figs. 3 and 4) , these data were subjected to analysis by the model. The constraint was included that the resulting set of temporal-tuning curves must reproduce the unmasked temporal contrast-sensitivity curve as well as the masking data, both measured at the same spatial frequency. This modeling resulted in four temporal-tuning curves (Fig. 7) : one low-pass curve with a corner frequency of approximately 8.0 Hz and three bandpass curves. The bandpass curves all have their peak locations within the narrow range of 4.0-8.0 Hz and appear to be distinguished from one another more in the size of their low-frequency cuts than in their peak locations. Bandwidths are around 2.0-2.5 octaves full width at halfheight.
In reporting these four temporal-tuning curves, it must be cautioned that they were derived from data in which the test pattern extended vertically as far as 40 beyond fixation. It is therefore possible that the curves in part reflect responses of peripherally located units.
Summing (using the Quick vector formula) the responses of these four tuning curves to mask and test stimuli, it was possible to generate fits to the 10 masking curves, as indicated by the lines in Figs. 3 and 4. All 10 masking curves were fitted keeping every parameter of the model constant. In particular, the sensitivities of the four tuning curves were not shifted up and down relative to one other in different ways in order to produce a fit to each masking curve but were held constant.
Initial attempts to fit the temporal-masking data with just two temporal curves, as might be expected under a sustained-transient dichotomy, produced extremely poor fits. Threshold elevations for the middle range of test temporal frequencies were systematically underestimated by a factor of about 2. The fit improved with three channels, giving correlation coefficients of around 0.8 between measured and calculated threshold elevations. Going to four channels raised the correlation coefficient to 0.92, averaging both subjects.
(Correlation coefficients are cumulative for the entire set of 10 masking curves.) Including more than four channels did not significantly change the correlation between model and data. To summarize, the correlation between model and data increased rapidly as the number of channels was increased up to four, and did not improve going beyond four. Although four temporal-tuning curves are sufficient to account for the data, the presence of additional channels intercalated between these four cannot be excluded on the basis of the model. This is because small improvements in correlation that additional channels might provide would be swamped out by noise in the data. However, as was pointed out earlier, peak masking often does not occur when test and mask have equal temporal frequency, suggesting that the total number of temporal-tuning curves is small. Therefore, if there are more than four temporal-tuning curves, there probably are not many more.
The large bandwidths of the temporal-tuning curves derived by the model (large relative to most estimates of spatial-tuning bandwidths) are in accord with the other point made earlier, that the broad extent of masking curves suggests underlying channels that are broadly tuned. Also, the shapes and the bandwidths of the temporal-tuning curves presented here resemble those measured physiologically in cortical cells, as will be discussed later. There is no compelling evidence for a sustained-transient dichotomy in these masking data. Inspection of the data reveals no tendency of the shapes of the masking curves to segregate into two groups, and attempts at a two-channel temporal model were unsuccessful. Among the four channels that were found, the low-pass curve can be considered the end point of a series of tuning curves with progressively weaker low-frequency cuts, and therefore there does not seem to be good reason to divide them into two groups based on a lowpass versus a bandpass distinction. Again, the spatial stimulus was a D6 test pattern with a rotated sinusoidal mask superimposed. The two temporal conditions consisted of counterphase flickering the mask at either 1.0 or 8.0 Hz, and measurement of each masking curve was repeated under these two mask conditions. Temporal modulation of the test stimulus was kept the same in both cases, being the Low-Temporal-Frequency pattern.
Spatial-masking curves measured in this experiment are shown in Figs. 8 and 9 . At low test spatial frequencies, the effect of the 8.0-Hz mask is to skew the curves toward lower mask spatial frequencies relative to those produced by the 1.0-Hz mask. This effect becomes smaller at intermediate spatial frequencies and disappears at high frequencies.
In principle, temporal frequency can affect the shapes of spatial-masking curves in two ways. The first possibility is that the spatial-tuning curves underlying each masking curve themselves change shape as a function of temporal frequency.
The second possibility is that, under different temporal conditions, the spatial-tuning curves shift vertically in sensitivity relative to one another, without change in shape. The occurrence of the latter possibility would indicate that the spatial and the temporal properties of visual channels are separable into a product of spatial and temporal functions. The question here is whether the 1.0-and 8.0-Hz spatialmasking data are compatible with the existence of spatiotemporal separability. To answer this, an attempt was made to fit both sets of data using a single set of spatial-tuning curves, with no change in shape. The constraint was made that the spatial-tuning curves must also predict the unmasked spatial contrast-sensitivity curve. Furthermore, in applying the model to the two sets of data, the exponent Ei for the contrast-response curve of each channel could not vary. The only change allowed in fitting the 1.0-and 8.0-Hz data was in the parameter Ki for each channel, which was equivalent to shifting the sensitivities of spatial-tuning curves up or down without in any way affecting their shapes.
Analyzing both sets of data in accordance with the model and subject to the constraints outlined above, seven spatialtuning curves were derived (Fig. 10) . The cumulative correlation coefficients between observed and calculated threshold elevations for these data were in the range 0.93-0.96 for two subjects and did not increase significantly on including more tuning curves.
Although seven spatial curves give a good account of the data, the model in itself cannot exclude the possibility of additional curves. The reason for this is the same as that giyen above in the temporal case. The contributions of additional channels, if they exist, would not be apparent relative to noise in the data. However, given the observation that peak The statement that the data are compatible with spatiotemporal separability is based on the results of a particular modeling procedure. The change in shape of the low-spatial-frequency masking data in Figs. 8 and 9 in passing from low-to high-frequency temporal modulations could be alternatively interpreted as evidence that separability fails at low spatial frequencies. However, the shapes of masking curves do not change with mask temporal frequency at intermediate and high spatial frequencies. This is strong evidence, independent of any modeling, that separability holds true in at least those channels tuned to intermediate and high spatial frequencies.
DISCUSSION
In this study, threshold elevation of the test stimulus was measured as a function of mask temporal frequency (experiment 2) and mask spatial frequency (experiment 3). A large number of these temporal-and spatial-masking curves were obtained by using test patterns having different temporal or spatial characteristics. Analyzing the masking curves using the model outlined earlier, and taking into account suprathreshold nonlinearities introduced by the high-contrast mask as measured in experiment 1, a set of four temporal-tuning curves (Fig. 7) and seven spatial-tuning curves (Fig. 10) was derived.
Rapid drops in the correlation between observed and calculated threshold elevations when the number of tuning curves is reduced suggest that the numbers given above are not overestimates. On the other hand, it is not possible on the basis of the model to tell whether additional tuning curves are present. Small changes in fit produced by adding more channels are not significant relative to noise in the data. However, inspection of the masking data show that peak masking (for either the spatial or the temporal curves) often does not occur when test and mask have equal frequency. On this basis it is argued that the total number of channels is small and that the numbers of tuning curves produced by the model are not major underestimates, if they are underestimates.
Fewer temporal-than spatial-tuning curves were found. If one views spatial and temporal curves as different aspects of responses from a single set of channels, as is done here, then it would be reasonable to expect them to have equal numbers. One explanation for unequal numbers is that the broader bandwidths and the greater degree of overlap among temporal-tuning curves make them more difficult to resolve than spatial-tuning curves. In the extreme case, it is possible that several channels with distinct spatial-tuning curves have virtually the same temporal-tuning curves. Finally, temporal curves were derived using only data taken at 0.5 cpd. Perhaps additional temporal-tuning curves would become apparent at higher spatial frequencies.
There are several studies that support the finding here that the number of temporal curves is greater than the minimum of two. Richards, 39 investigating the number of temporal "primaries" required to match an arbitrary frequency, found three or possibly four temporal-tuning curves. Preliminary reports from Mandler 40 involving temporal-frequency discrimination and Pelli and Watson 4 l using noise masking both indicate three curves. Nilsson et al. , 34 performing what was essentially the adaptation analog of experiment 2, found evidence for "many" temporal-tuning curves. Finally, the various peaks and valleys in the two pulse-interval discrimination curves of Nilsson 4 2 also suggest the presence of more than two temporal curves.
Temporal-tuning curves for neurons in cat visual cortex have been measured by Movshon et al. 4 3 and strongly resemble the psychophysical curves derived here. Movshon et al. 4 3 found both low-pass and bandpass neurons. The bandpass neurons had bandwidths of about 2.0-2.5 octaves and peak locations in the range 4.0-8.0 Hz, similar to the psychophysical curves of this study. Furthermore, the tunings of the various neurons differed most prominently in the steepness of their low-frequency cuts while having small variations in their high-frequency cutoffs, again resembling the psychophysical curves. Some preliminary reports 4 4 ' 4 5 indicate that temporal-tuning bandwidths in macaque monkey cortex are similar to those measured here.
The different spatial-masking curves produced when the mask was flickered at 1.0 and 8.0 Hz could be fitted by a single set of spatial-tuning curves with no change in shape simply by shifting the sensitivities of the different curves up or down relative to one other. These data are therefore interpreted as being compatible with the occurence of spatiotemporal separability in individual visual channels and in support of previous studies that have reached the same conclusion.18 -2 0 Even in the absence of modeling, it is apparent in Figs. 8 and 9 that separability occurs at intermediate and high spatial frequencies, because the spatial-masking curves in those regions keep the same shape when measured at different temporal frequencies. Based on the modeling it is suggested that separability holds true at low spatial frequencies as well. Although the spatiotemporal surface as a whole is clearly not separable, 4 " 4 8 the results here are in accord with the idea that the surface can be decomposed into a limited number of channels whose individual properties are separable. This view is consistent with the physiological studies of Holub and Morton-Gibson, 4 9 Lee et al. , 50 and Tolhurst and Movshon, 5 ' all of whom found that separability holds for neurons in cat visual cortex. On the other hand, Derrington and Lennie 5 2 and Enroth-Cugell et al. 5 3 have reported that separability does not occur in cat retina.
An important topic that has not been touched on so far is the putative division of channels into two categories, sustained and transient.' 2 ' 54 ' 55 In the present study, no compelling evidence was found for grouping channels into such discrete categories.
Much evidence for a sustained-transient dichotomy involves showing that temporal properties of the visual system change when measured at widely spaced spatial frequencies. 6 "1 3 while compatible with a dichotomy, do not exclude the possibility of smoothly varying temporal properties among multiple channels. The most clearcut evidence in support of a sharp dichotomy are in fact the original reports invoking that concept, those of Keesey, 57 Kulikowski and Tolhurst," and Tolhurst,' 9 who based arguments for a dichotomy on observations of distinct thresholds for flicker and pattern detection. However, these studies have been criticized on methodological grounds, and differences between flicker and pattern detection have proven to be less apparent when measured under more stringent conditions. 5 8 -6 ' And finally, Lennie 5 9 has found that cat retinal X and Y cells do not have some of the properties commonly attributed to them, when studied under conditions resembling those used in human psychophysics. This points out problems in associating psychophysical responses with the conventional properties of X and Y cells and weakens the physiological rationale for the existence of a dichotomy. Considering all the above, it appears likely that "sustained" and "transient" 
